Background: Diet quality has been inversely associated with overall mortality in white populations, but the evidence in
Introduction
Diet is a complex set of correlated exposures. Assessment of dietary patterns in relation to disease outcomes may identify associations that a focus on individual items would miss, and dietary patterns derived from factor or cluster analysis have indeed been found to predict disease risk. It also can be useful to assess whether adherence to particular guidelines is associated with reduced disease risk, especially because it may be easier for the public to understand explicit recommendations about certain food items rather than about a dietary pattern (1, 2) .
Various measures of high overall diet quality have been inversely associated with all-cause mortality rates in studies of predominantly white populations (3) (4) (5) (6) (7) (8) (9) (10) . Empirically-derived ''prudent'' dietary patterns, rich in vegetables and fruit, were associated with lower mortality in several studies (3) (4) (5) (6) , whereas Western dietary patterns, characterized by intake of red and processed meat and fried foods, were associated with increased mortality in some (3) but not all studies (4, 5) . Studies that have evaluated a priori indexes of diet quality based on dietary recommendations have found higher diet quality to be associated with reduced mortality (7) (8) (9) (10) .
Diet quality is poorer on average among African Americans than among white Americans (11, 12) , and mortality rates are higher for American Americans than for other racial groups (13) . Yet little data are available on the association between dietary patterns and mortality in African Americans. Because of differences between ethnic groups in comorbidities, modifying factors, and genetic factors, it cannot be assumed that associations observed in one population would necessarily hold among other ethnic groups. In addition, if the same association of dietary patterns with mortality is observed in several ethnic groups, this strengthens the credibility of the association.
In the present report, we assess the association of dietary intake with all-cause and cause-specific mortality among AfricanAmerican women. The data were obtained in the Black WomenÕs Health Study (BWHS) 5 an ongoing follow-up study of black women across the US. We focused on measures of adherence to a diet consistent with the Dietary Approaches to Stop Hypertension (DASH) guidelines (14) , and we also evaluated the prudent and Western dietary patterns previously derived in the BWHS by factor analysis (15) . These measures were associated with health outcomes in the BWHS: adherence to DASH guidelines was associated with lower incidence of obesity (16) ; the prudent pattern with lower risks of weight gain (15) , estrogen receptornegative breast cancer (17) , and colorectal adenomas (18) ; and the Western pattern with greater weight gain (15) and higher risk of colorectal adenomas (18) . An advantage of index-based measures of diet quality such as the DASH score is the ability to capture components of multiple data-driven dietary patterns in a single score. Another indexed based measure, the Alternative Healthy Eating Index (AHEI) (9) , was developed as an improvement on the Healthy Eating Index (19) . We judged the DASH score to be preferable for use in the BWHS because it is based on rankings, whereas the AHEI score is based on absolute values; because FFQs underestimate nutrient values [and a reduced FFQ was used in the BWHS (20) ], the AHEI likely provides less of a range than DASH across which to compare women. Another measure, the Mediterranean diet score (8) , is more applicable to southern European populations than to American populations because of differences in foods eaten, oils used, and meal preparation.
Methods
Study population. The BWHS, an ongoing follow-up study of AfricanAmerican women, was established in 1995 when African-American women from across the US were enrolled through mailed health questionnaires (21) . The baseline questionnaire collected information on demographic characteristics, lifestyle factors, and medical history, and usual diet was assessed through an FFQ. A total of 59,000 women aged 21-69 y at baseline were followed through mailed questionnaires every 2 y. Follow-up questionnaires update exposure information and incident medical conditions. Follow-up of the baseline cohort was ;80% through 2011. The Boston University Medical Campus Institutional Review Board approved the protocol.
The present analysis excluded women who at baseline were <30 y of age (n = 12,812); had a history of cancer (except nonmelanoma skin cancer) (n = 1488), myocardial infarction (n = 620), stroke (n = 439), or diabetes (n = 2378); left >10 items blank on the FFQ (n = 1510); had implausible energy intake values (<400 or >3800 kcal) (n = 1783); were pregnant at baseline (n = 482) or were missing height or weight (n = 442); or had an implausible BMI (<15 or $60 kg/m 2 ) (n = 46). The age exclusion was made because there were few deaths in women <30 y old at baseline. The exclusions for cancer, myocardial infarction, stroke, and diabetes were made because these conditions are strong risk factors for mortality and the effect of a weaker risk factor such as dietary pattern might have been difficult to discern in women at high risk of death from those conditions. The exclusions associated with inability to measure BMI at baseline were made because BMI is an important risk factor for mortality in black women (22) . After all exclusions, 37,001 women were included in the analysis.
Dietary assessment. Dietary intake in the previous year was assessed in 1995 and 2001 with self-administered modified versions of the reduced Block-National Cancer Institute FFQ (20) . In a validation study of the 1995 FFQ among 408 BWHS participants, correlations with responses from 3-d food diaries and 24-h recalls for fat, protein, carbohydrate, fiber, calcium, vitamin C, folate, and b-carotene ranged from 0.5 to 0.8 (23) . Diet scores were computed for each participant based on the 1995 and 2001 FFQ data. We evaluated a DASH score created by Fung et al. (14) that ranks participants based on intake of 8 food and nutrient components. Participants were categorized into quintiles for each component. For fruits (including fruit juice), vegetables, nuts and legumes, whole grains, and low-fat dairy, the lowest quintile was assigned 1 point and the highest quintile was assigned 5 points. For sodium, red and processed meats, and sugar-sweetened beverages, scores were reversed such that the lowest quintile was assigned 5 points and the highest quintile was assigned 1 point. DASH scores can range from 8 to 40; in the present study the scores ranged from 8 to 38. We categorized the scores into quintiles (quintiles 1 and 5 represent low and high adherence, respectively).
Prudent and Western dietary patterns were derived with the use of factor analysis of 35 individual foods or food groups, as described previously (15) . The SAS function ROTATE = VARIMAX (SAS Institute) was used for rotation of the factors by an orthogonal transformation. Factor scores for each pattern were calculated by summing intakes of each food group weighted by that food groupÕs factor loading. The prudent and Western patterns explained 22% of the variance. The prudent dietary pattern is characterized by high intake of vegetables and fruits, whereas the Western dietary pattern is characterized by high intake of red and processed meat and fried foods. Quintiles 1 and 5 represent low and high adherence, respectively, to each dietary pattern.
The Pearson coefficients for the correlations among the diet scores were as follows: prudent with Western, r = 0.0060 (P = 0.25); prudent with DASH, r = 0.6200 (P < 0001); and Western with DASH, r = 20.4973 (P < 0.0001). Thus, as expected, prudent and Western scores were uncorrelated, which is a function of the statistical methods use to derive them, whereas DASH score was positively correlated with prudent pattern score and inversely correlated with Western pattern score.
The Alternative Healthy Eating Index-2010 (AHEI-2010), another dietary pattern associated with chronic disease (19) , is based on 11 constituents, most of which are in the DASH score. Components are scored from 1 to 10, with 10 indicating that dietary recommendations were met. The score is based on absolute amounts of intake. The DASH score and AHEI-2010 score were highly correlated in the BWHS, with r = 0.7433 (P < 0.0001).
Endpoints. Deaths through 31 December 2011 were identified through linkage with the National Death Index for all participants who had not completed the 2011 questionnaire. The International Classification of Diseases, Tenth Revision, was used to classify underlying cause of death as death from cardiovascular disease (I00-I99), cancer (C00-C97), or all other causes [excluding ''external'' causes of death, S00-Y98 (e.g., accidents and homicides)].
Covariate assessment. Information on self-reported height (feet and inches) and current weight (pounds) was collected at baseline. In a validation study among 115 participants, Spearman correlations for selfreported vs. technician-measured height and weight were 0.93 and 0.97, respectively (24, 25) . BMI was calculated as weight in kilograms divided by height in meters squared. Information on years of education was ascertained on the 1995 and 2003 questionnaires. Data on marital status, vigorous exercise, television watching, smoking status, and alcohol intake were obtained at baseline and were updated on biennial follow-up questionnaires. In a validation study of physical activity, participants wore actigraphs (activity monitors) during their waking hours for 7 d; the correlation between BWHS questionnaire data and actigraph measurements was 0.40 (P < 0.001) for vigorous activity (24) .
Statistical analysis. Cox proportional hazards models were used to estimate HRs and 95% CIs for the association between diet quality and mortality. Participants contributed to the analysis from 1995 until death, loss to follow-up, or the end of follow-up in 2011, whichever occurred first. Time-varying covariates were updated with the use of the Andersen-Gill data structure (26) ; this structure creates a new record for each follow-up cycle in which a participant is at risk, and assigns the covariate value for that cycle.
Diet scores at baseline in 1995 were assessed in relation to mortality from 1995 to 2001. To better represent long-term intake, the mean of diet scores in 1995 and 2001 was assessed in relation to mortality from 2001 to 2011. We also created cumulative means of vigorous exercise and television watching every 2 y. Multivariable models, stratified by age and questionnaire cycle, were adjusted for total energy intake (quintiles), education (#12, 13-15, or $16 y), marital status (married or living as married, divorced or separated, widowed, or single), vigorous exercise (<1, 1-2, or $3 h/wk), television watching (<3, 3-4, or $5 h/d), smoking (never; former; current, <15 cigarettes/d; or current, $15 cigarettes/d), and alcohol intake (never; former; current, 1-6/wk; or current, $7/wk). The proportion of missing data was <1% for all covariates; missing data for covariates were modeled as indicator variables. The primary analyses did not adjust for BMI, which is considered to be an intermediate between dietary pattern and illness/death. However, in analyses that controlled for BMI, whether at baseline or as time-varying, results were unchanged. Additional control for health insurance status and visits to a physician did not materially alter the estimates. Tests for linear trend were conducted by modeling diet quality index scores as continuous variables with the use of the median value for each quintile. We conducted subgroup analyses within strata of BMI, age, smoking, vigorous exercise, and years of education. Tests for interaction were performed by using the likelihood ratio test comparing models with and without crossproduct terms between the variable of interest (e.g., BMI) and the diet quality score. All statistical analyses were performed with the use of SAS version 9.3.
Results
Among 37,001 women followed for #16 y, 1678 deaths were identified; 428 (26%) were due to cardiovascular disease, 742 (44%) were due to cancer, and 508 (30%) were due to other causes. Among the latter, there were a large number of causes, with most accounting for just a few deaths. The largest categories were chronic obstructive pulmonary disorder (n = 37), diabetes (n = 29), HIV-related (n = 28), and sarcoidosis (n = 26). At baseline, women with higher DASH or prudent diet Table 1) . Those with a high DASH score, a low prudent diet score, or a low Western score were less likely to drink alcohol. In multivariable models, the DASH score, which assigns higher scores for high intake of vegetables, fruits, whole grains, nuts and legumes, and low-fat dairy and for low intake of red and processed meat, sugar-sweetened beverages, and sodium, was associated with lower all-cause mortality rates (HR: 0.75; 95% CI: 0.63, 0.89 for highest vs. lowest quintiles; P-trend < 0.001) ( Table 2 ). The prudent dietary pattern, which is characterized by high intake of vegetables and fruits, was not associated with all-cause mortality. In contrast, the Western dietary pattern, characterized by high intake of red and processed meat and fried foods, was associated with increased all-cause mortality (HR: 1.37; 95% CI: 1.17, 1.60 for highest vs. lowest quintiles; P-trend < 0.001). Adjustment for baseline BMI did not materially affect the results; the corresponding HRs comparing extreme quintiles were 0.78 (95% CI: 0.65, 0.93) for the DASH score and 1.33 (95% CI: 1.13, 1.56) for the Western dietary pattern. In addition, results were closely similar when only the baseline assessment of diet was evaluated and when deaths occurring in the first 2 y of follow-up were excluded.
In an analysis of AHEI-2010 score in relation to all-cause mortality, there was no association: the multivariable HR for quintile 5 relative to quintile 1 was 0.96 (95% CI: 0.81, 1.13). The corresponding estimates for cardiovascular disease mortality, cancer mortality, and other mortality were 0.86 (95% CI: 0.61, 1.20), 1.11 (95% CI: 0.87, 1.40), and 0.81 (95% CI: 0.60, 1.10), respectively. AHEI-2010 is not considered further.
Associations of DASH and Western scores with all-cause mortality within strata of BMI, smoking, vigorous exercise, age, and education are shown in Table 3 . The inverse association between DASH scores and all-cause mortality was apparent among the 70% of women who had a BMI <30 kg/m 2 at baseline (P-trend < 0.001) but not among obese women (P-trend = 0.71) (P-interaction = 0.04). Similarly, the Western dietary pattern was associated with mortality among non-obese women (P-trend < 0.001) but not among obese women (P-trend = 0.74) (P-interaction = 0.05). The associations between DASH and Western score and mortality were also apparent among ever smokers but not never smokers and among women who exercised vigorously <3 h/wk but not among more active women. The associations were consistent across age (<55 y and $55 y) and strata of education (<16 y and $16 y). Prudent pattern was not significantly associated with all-cause mortality in any of the strata considered (data not shown).
Results for each DASH component in relation to all-cause mortality are presented in Table 4 . Mean values by quintile of each of the components of the DASH score are shown in Table 4 . High intake of red and processed meat was associated with increased mortality rates (HR: 1.31; 95% CI: 1.08, 1.60 for highest vs. lowest quintiles; P-trend = 0.004), which explains the association observed for the Western dietary pattern ( Table 2 ), given that red meat and processed meat were the foods with the highest factor loadings for this dietary pattern (15) . High consumption of whole grains was associated with lower allcause mortality rates (HR: 0.75; 95% CI: 0.64, 0.89 for highest vs. lowest quintiles; P-trend < 0.001). Vegetables and fruits, which were the foods with the highest factor loadings for the prudent dietary pattern, were not significantly associated with mortality risk. None of the other DASH components were significantly associated with all-cause mortality.
Analyses of cause-specific mortality were based on 428 cardiovascular disease deaths, 742 deaths from cancer, and 508 deaths from other causes. Results are given in Supplemental Table  1 for DASH scores in relation to cardiovascular disease mortality, cancer mortality, and mortality from other causes. DASH scores were most strongly associated with lower mortality from causes other than cardiovascular disease and cancer (HR: 0.57; 95% CI: 0.40, 0.80 for highest vs. lowest quintiles; P-trend = 0.002). The most common other causes of death were chronic obstructive pulmonary disorder, diabetes, HIV-related conditions, and sarcoidosis. Higher DASH scores were also associated, but less strongly, with reduced cardiovascular disease mortality (HR: 0.79; 95% CI: 0.55, 1.11 for highest vs. lowest quintiles; P-trend = 0.08) and reduced cancer mortality (HR: 0.83; 95% CI: 0.64, 1.09 for highest vs. lowest quintiles; P-trend = 0.12). For the Western diet score, there were positive associations with each causespecific mortality group: P-trend = 0.05 for cardiovascular disease mortality, 0.08 for cancer mortality, and 0.001 for other mortality (data not given). For both the DASH and Western diet scores, the associations with cause-specific mortality appeared to be more evident among nonobese women, but the estimates were imprecise across subgroups, and there were no significant interactions by BMI (data not given).
Discussion
In the present study of African-American women, a DASH-style diet was associated with lower all-cause mortality, with a 25% reduction in risk for the highest relative to the lowest quintile. The individual components of the DASH score that were most strongly associated with reduced mortality were high consumption of whole grains and low intake of red and processed meat. A Western dietary pattern, derived by factor analysis and characterized by high intake of red and processed meat, was associated with increased mortality. In contrast, a prudent dietary pattern, characterized by high intake of vegetables and fruit, was not significantly associated with mortality risk, and the vegetable and fruit components of the DASH score were not associated with mortality. AHEI scores were not associated with mortality. Adherence to a DASH-style diet is associated with reductions in blood pressure (27) and lower risk of cardiovascular disease (14) , diabetes (28) , colorectal cancer (29) , and estrogen receptor-negative breast cancer (30) . Higher DASH scores also were associated with lower all-cause mortality among adults with hypertension (31) and heart failure (32). To our knowledge, no previous studies have examined DASH scores and risk of overall mortality in a cohort of healthy adults.
Our findings are supported by those from 3 US cohorts in which red and processed meat were associated with increased all-cause mortality (33, 34) . This association may operate in part because of dietary effects on chronic conditions including type 2 diabetes (35), cardiovascular disease (36) , and several cancers (37) . Also consistent with our results, whole grain intake was inversely associated with overall mortality (38, 39), incidence of type 2 diabetes (40), and incidence of cardiovascular disease (41) . However, one study that found an inverse association between whole grain intake and all-cause mortality also reported that high fruit and vegetable intake was associated with lower mortality (39), which was not observed in the present study. Fruit and vegetable consumption also was associated with a lower risk of death in one of the largest studies to date, with stronger inverse associations observed for raw vegetables than for cooked vegetables (42) . We lacked information in the current study on mode of preparation. In our primary analyses, we did not adjust for BMI because the causal effect of diet on mortality is hypothesized to operate in part through effects on body weight. We found, however, that the inclusion of BMI as a covariate did not materially affect the results. The association between diet quality and mortality was apparent only among nonobese women. Similar to the present study, we previously found that higher DASH scores were associated with reduced risk of becoming obese only among women who were leaner at baseline (16) . The lack of a positive association in the present study between diet quality and mortality among obese women may be due in part to the higher prevalence of comorbidities in this group of women and to the difficulty in discerning a small increase when the underlying risk of mortality is high, or it could be because of reduced statistical power in the smaller group of obese women. Evidence that weighs against the first explanation are the findings that diet quality was not associated with mortality among women at lower risk of dying because of higher levels of vigorous exercise or because of never smoking, whereas associations were clearly present among less active women and ever smokers. Consistent with the second explanation involving statistical power, the numbers of deaths among never smokers and active women were small.
The associations between diet quality and mortality were present across strata of age and education. Although BWHS participants on average have higher levels of education than does the general African-American population, they represent the 83% of women of the same ages nationally who have completed high school or a higher level of education (43). It is therefore plausible that our findings might be generalizable to most healthy African-American women.
Strengths of the present study include the large sample size and long duration of follow-up. Dietary intake was assessed at 2 time points, and cumulative mean scores were used in order to better reflect long-term diet quality. We also used updated data on important covariates such as physical activity, sedentariness, and smoking history. Study limitations include the use of FFQs to estimate dietary intake. Underreporting of dietary intake is more prevalent among obese adults (44, 45) , which may have contributed to our inability to detect an association with mortality in this group of women. Because BMI was based on self-reported data on weight and height, there was imprecision in this measure.
In summary, we found that greater adherence to a DASHstyle diet, particularly high intake of whole grains and low intake of red and processed meat, was inversely associated with all-cause mortality among African-American women who were free of cancer, cardiovascular disease, and diabetes at the beginning of follow-up. Our findings suggest that reducing red meat intake and increasing whole grain intake may lower mortality rates in healthy populations.
